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LISTING 1: ALTERNATIVE SIGNALING: JSON EXAMPLE FOR CMUP

{"CONGESTION_MAP_UPDATE": {
“POSITION" : |
{"ClientID” :"IPADDR" .
"LAT" “+60.012334"
"LON":  “+23.23322" ,
"Speed”:  “16.67_m/s" ,
}’[’Trajectory:" “30_NNE"
“Operator”: |
{"name” : "Hisa" ,
“Signal_Strength” ": “80%" or “-20_db"
lr'-ype" T /
"THROUGHPUT" :  “384_kbps”
}]'TIME" o “08:45_UTC"

1}
FiG.7
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LISTING 3: ALTERNATIVE SIGNALING: JSON EXAMPLE FOR CMIN

{"CONGESTION_MAP_INFORMATION": {

“POSITION": |
{"LAT":  “+60.012334" .
"LON":  “423.23322" .
;FHROUGHPUT" : "96_kbps”

1
FIG. 8
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METHOD AND APPARATUS FOR
PROVIDING A GEO-PREDICTIVE
STREAMING SERVICE

TECHNOLOGICAL FIELD

[0001] Embodiments of the present invention relate gener-
ally to wireless communication technology and, more par-
ticularly, relate to a method and apparatus for providing a
geo-predictive streaming service.

BACKGROUND

[0002] The modern communications era has brought about
a tremendous expansion of wireline and wireless networks.
Computer networks, television networks, and telephony net-
works are experiencing an unprecedented technological
expansion, fueled by consumer demand. Wireless and mobile
networking technologies have addressed related consumer
demands, while providing more flexibility and immediacy of
information transfer.

[0003] Current and future networking technologies con-
tinue to facilitate ease of information transfer and conve-
nience to users by expanding the capabilities of mobile elec-
tronic devices. One area in which there is a demand to
increase ease of information transfer relates to the delivery of
services to a user of a mobile terminal. The services may be in
the form of a particular media or communication application
desired by the user, such as a music player, a game player, an
electronic book, short messages, email, content sharing, web
browsing, etc. The services may also be in the form of inter-
active applications in which the user may respond to a net-
work device in order to perform a task or achieve a goal.
Alternatively, the network device may respond to commands
orrequests made by the user, e.g., content searching, mapping
or routing services, etc. The services may be provided from a
network server or other network device, or even from the
mobile terminal such as, for example, a mobile telephone, a
mobile navigation system, a mobile computer, a mobile tele-
vision, a mobile gaming system, etc.

BRIEF SUMMARY

[0004] A method, apparatus and computer program prod-
uct are therefore provided to enable the provision of a geo-
predictive streaming service. Accordingly, for example,
determinations may be made as to expectations that data
outages or service interruptions can be expected for a corre-
sponding location at which the device is projected be in the
future. Thereafter, knowing the time and duration of an
expected outage or service interruption, some embodiments
of the present invention may provide for pre-buffering of a
sufficient amount of data to cover the expected outage or
service interruption. Moreover, in some cases, the pre-buff-
ering may be scheduled proximate to the expected outage or
service interruption.

[0005] Inoneexample embodiment, a method of providing
a geo-predictive streaming service is provided. The method
may include receiving, at a mobile terminal, an indication of
network performance parameters associated with a corre-
sponding time and location of a projected route of the mobile
terminal, determining, at the mobile terminal, whether a por-
tion of the projected route corresponds to an outage event
with respect to data being streamed to the mobile terminal,
and, in response to a determination that the outage event
corresponds to the portion of the projected route, causing
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communication of at least one of a geo-predictive next appli-
cation data unit and an estimated capacity vector to a stream-
ing server providing the data being streamed to cause a modi-
fication to a data transmission rate at which data is to be
streamed to the mobile terminal. The geo-predictive next
application data unit comprises a total buffer space, an
amount of data deficit associated with the outage event, and a
buffering compensation time. The estimated capacity vector
comprises at least one expected channel capacity and at least
one time offset corresponding to said at least one expected
channel capacity.

[0006] In another example embodiment, a computer pro-
gram product for providing a geo-predictive streaming ser-
vice is provided. The computer program product includes at
least one computer-readable storage medium having com-
puter-executable program code instructions stored therein.
The computer-executable program code instructions may
include program code instructions for receiving, at a mobile
terminal, an indication of network performance parameters
associated with a corresponding time and location of a pro-
jected route of the mobile terminal, determining, at the
mobile terminal, whether a portion of the projected route
corresponds to an outage event with respect to data being
streamed to the mobile terminal, and, in response to a deter-
mination that the outage event corresponds to the portion of
the projected route, causing communication of at least one of
a geo-predictive next application data unit and an estimated
capacity vector to a streaming server providing the data being
streamed to cause a modification to a data transmission rate at
which data is to be streamed to the mobile terminal. The
geo-predictive next application data unit comprises a total
buffer space, an amount of data deficit associated with the
outage event, and a buffering compensation time. The esti-
mated capacity vector comprises at least one expected chan-
nel capacity and at least one time offset corresponding to said
at least one expected channel capacity.

[0007] In another example embodiment, an apparatus for
providing a geo-predictive streaming service is provided. The
apparatus may include at least one processor and at least one
memory including computer program code. The at least one
memory and the computer program code may be configured
to, with the at least one processor, cause the apparatus to
perform at least receiving, at a mobile terminal, an indication
of network performance parameters associated with a corre-
sponding time and location of a projected route of the mobile
terminal, determining, at the mobile terminal, whether a por-
tion of the projected route corresponds to an outage event
with respect to data being streamed to the mobile terminal,
and, in response to a determination that the outage event
corresponds to the portion of the projected route, causing
communication of at least one of a geo-predictive next appli-
cation data unit and an estimated capacity vector to a stream-
ing server providing the data being streamed to cause a modi-
fication to a data transmission rate at which data is to be
streamed to the mobile terminal. The geo-predictive next
application data unit comprises a total buffer space, an
amount of data deficit associated with the outage event, and a
buffering compensation time. The estimated capacity vector
comprises at least one expected channel capacity and at least
one time offset corresponding to said at least one expected
channel capacity.

[0008] In another example embodiment, a system for pro-
viding a geo-predictive streaming service is provided. The
system may include a mobile terminal receiving streamed
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data, a streaming server providing the streamed data to the
mobile terminal, and a congestion map server. The mobile
terminal may be configured to receive an indication of net-
work performance parameters associated with a correspond-
ing time and location of a projected route of the mobile
terminal from the congestion map server, determine whether
a portion of the projected route corresponds to an outage
event with respect to data being streamed to the mobile ter-
minal, and, in response to a determination that the outage
event corresponds to the portion of the projected route, cause
communication of at least one of a geo-predictive next appli-
cation data unit and an estimated capacity vector to the
streaming server to cause the streaming server to modify a
data transmission rate of the data being streamed to the
mobile terminal. The geo-predictive next application data
unit comprises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering compensa-
tion time. The estimated capacity vector comprises at least
one expected channel capacity and at least one time offset
corresponding to said at least one expected channel capacity.
[0009] In another example embodiment, an apparatus for
facilitating provision of a geo-predictive streaming service is
provided. The apparatus may include at least one processor
and at least one memory including computer program code.
The at least one memory and the computer program code may
be configured to, with the at least one processor, cause the
apparatus to perform at least providing streaming data to a
mobile terminal, receiving, in response to a determination by
the mobile terminal that an outage event corresponds to a
portion of a projected route of the mobile terminal, commu-
nication of at least one of a geo-predictive next application
data unit and an estimated capacity vector, and causing modi-
fication of a data transmission rate at which data is to be
streamed to the mobile terminal based on the at least one of
the geo-predictive next application data unit and the esti-
mated capacity vector. The geo-predictive next application
data unit comprises a total buffer space, an amount of data
deficit associated with the outage event, and a buffering com-
pensation time. The estimated capacity vector comprises at
least one expected channel capacity and at least one time
offset corresponding to said at least one expected channel
capacity.

[0010] In another example embodiment, a method for
facilitating provision of a geo-predictive streaming service is
provided. The method may include providing streaming data
to a mobile terminal, receiving, in response to a determination
by the mobile terminal that an outage event corresponds to a
portion of a projected route of the mobile terminal, commu-
nication of at least one of a geo-predictive next application
data unit and an estimated capacity vector, and causing modi-
fication of a data transmission rate at which data is to be
streamed to the mobile terminal based on the at least one of
the geo-predictive next application data unit and the esti-
mated capacity vector. The geo-predictive next application
data unit comprises a total buffer space, an amount of data
deficit associated with the outage event, and a buffering com-
pensation time. The estimated capacity vector comprises at
least one expected channel capacity and at least one time
offset corresponding to said at least one expected channel

capacity.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0011] Having thus described embodiments of the inven-
tion in general terms, reference will now be made to the
accompanying drawings, which are not necessarily drawn to
scale, and wherein:
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[0012] FIG. 1 is a schematic block diagram of a mobile
terminal that may employ an example embodiment of the
present invention;

[0013] FIG. 2 is a schematic block diagram of a wireless
communications system according to an example embodi-
ment of the present invention;

[0014] FIG. 3 illustrates a congestion map according to an
example embodiment of the present invention;

[0015] FIG. 4 illustrates ablock diagram of an apparatus for
providing a geo-predictive streaming service according to an
example embodiment of the present invention;

[0016] FIG. 5 illustrates scheduling operations associated
with provision of geo-predictive feedback and adaptation
according to an example embodiment of the present inven-
tion;

[0017] FIG. 6 illustrates a control flow diagram showing
signaling flow between different entities involved in provid-
ing services according to an exemplary embodiment of the
present invention;

[0018] FIG. 7 illustrates a message format for a congestion
map update according to an example embodiment of the
present invention;

[0019] FIG. 8 illustrates a message format for congestion
map information according to an example embodiment of the
present invention;

[0020] FIG. 9 is a flowchart according to another example
method for providing a geo-predictive streaming service
according to an example embodiment of the present inven-
tion;

[0021] FIG. 10 illustrates a block diagram of streaming
server or congestion map server according to an example
embodiment of the present invention; and

[0022] FIG. 11 is a flowchart according to another example
method for facilitating provision of a geo-predictive stream-
ing service according to an example embodiment of the
present invention.

DETAILED DESCRIPTION

[0023] Some embodiments of the present invention will
now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the invention are shown. Indeed, various embodi-
ments of the invention may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisfy applicable legal
requirements. Like reference numerals refer to like elements
throughout. As used herein, the terms “data,” “content,”
“information” and similar terms may be used interchangeably
to refer to data capable of being transmitted, received and/or
stored in accordance with embodiments of the present inven-
tion. Thus, use of any such terms should not be taken to limit
the spirit and scope of embodiments of the present invention.
[0024] Additionally, as used herein, the term ‘circuitry’
refers to (a) hardware-only circuit implementations (e.g.,
implementations in analog circuitry and/or digital circuitry);
(b) combinations of circuits and computer program product
(s) comprising software and/or firmware instructions stored
on one or more computer readable memories that work
together to cause an apparatus to perform one or more func-
tions described herein; and (¢) circuits, such as, for example,
a microprocessor(s) or a portion of a microprocessor(s), that
require software or firmware for operation even if the soft-
ware or firmware is not physically present. This definition of
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‘circuitry” applies to all uses of this term herein, including in
any claims. As a further example, as used herein, the term
‘circuitry’ also includes an implementation comprising one or
more processors and/or portion(s) thereof and accompanying
software and/or firmware. As another example, the term ‘cir-
cuitry’ as used herein also includes, for example, a baseband
integrated circuit or applications processor integrated circuit
for a mobile phone or a similar integrated circuit in a server,
a cellular network device, other network device, and/or other
computing device.

[0025] As defined herein a “computer-readable storage
medium,” which refers to a non-transitory, physical storage
medium (e.g., volatile or non-volatile memory device), canbe
differentiated from a “computer-readable transmission
medium,” which refers to an electromagnetic signal.

[0026] Due to the ubiquitous nature of mobile electronic
devices, people of all ages and education levels are now
utilizing mobile terminals to communicate with other indi-
viduals or contacts, receive services and/or to share informa-
tion, media and other content. Additionally, given recent
advances in processing power, battery life, the availability of
peripherals such as global positioning system (GPS) receivers
and the development of various applications, mobile elec-
tronic devices are increasingly used by individuals for receiv-
ing location dependent services. Furthermore, mobile elec-
tronic devices are also becoming popular mechanisms by
which users communicate with each other and consume con-
tent. For example, multimedia streamed content such as video
on demand (VoD), Internet Protocol television (IPTV), pod-
casting, and other types of multimedia streaming are becom-
ing popular targets for users desiring to consume content.
[0027] However, although the capabilities of mobile elec-
tronic devices with respect to acquiring and rendering the
types of content described above continue to improve, the
mobility of such devices inevitably introduces challenges
with respect to the provision of uninterrupted or pause-less
play of the content. In this regard, limits to link capacity,
packet losses and link outages may cause interruptions in
playback of streaming content. To prevent such interruptions,
the playback rate is typically kept constant, but initiation of
the playback is delayed to allow some portion of pre-buffer-
ing to occur. Pre-buffered data may then be used to provide
pause-less playback during periods of unavailability of data.
However, after the period of unavailable data extends beyond
the amount of pre-buffered data, skips in playback may occur
or, if a retransmission mechanism (e.g., ARQ) is employed,
alternative pauses and restarts in the playback may occur
without necessarily losing any data.

[0028] Progressive streaming or progressive playback is
one mechanism that has been developed to mitigate the prob-
lem described above. In progressive playback, which is real-
ized by TCP transmission, variable channel conditions are
overcome by utilizing all available link capacity to buffer
more data than necessary to account for lower link capacity
periods that may be encountered. Additionally, automatic
request schemes such as forward error correction (FEC) may
be employed to provide redundancy or retransmission to
improve error resilience. However, the redundancy and
retransmission consume additional bandwidth, may cause
congestion losses due to increased consumption of network
capacity and may be limited by the amount of available
memory at a mobile device employing progressive playback.
Accordingly, it may be desirable to address some of the issues
described above.
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[0029] Some embodiments of the present invention may be
used to identify situations in which an outage region is
encountered in a trajectory by a client device receiving
streaming data. In an outage region, network congestion, low
network bandwidth, poor network connection and/or the like
are likely to result in a situation in which available data
transfer rates are insufficient to maintain a current playback
rate of streaming data without lost data or interruption. After
such situations are identified, e.g., by the corresponding time
and duration of occurrence, a streaming client of a mobile
terminal may be enabled to request the use of excess channel
capacity, if available, be provided to pre-buffer an amount of
data sufficient to avoid any loss of data or interruption.

[0030] FIG. 1, one example embodiment of the invention,
illustrates a block diagram of a mobile terminal 10 that would
benefit from embodiments of the present invention. It should
be understood, however, that the mobile terminal 10 as illus-
trated and hereinafter described is merely illustrative of one
type of device that may benefit from embodiments of the
present invention and, therefore, should not be taken to limit
the scope of embodiments of the present invention. As such,
numerous types of mobile terminals, such as portable digital
assistants (PDAs), mobile telephones, pagers, mobile televi-
sions, gaming devices, laptop computers, cameras, video
recorders, audio/video players, radios, positioning devices,
e.g., global positioning system (GPS) devices, or any combi-
nation of the aforementioned, and other types of voice and
text communications systems, may readily employ embodi-
ments of the present invention.

[0031] The mobile terminal 10 may include an antenna 12,
or multiple antennas, in operable communication with a
transmitter 14 and a receiver 16. The mobile terminal 10 may
further include an apparatus, such as a controller 20 or other
processing device, which provides signals to and receives
signals from the transmitter 14 and receiver 16, respectively.
The signals include signaling information in accordance with
the air interface standard of the applicable cellular system,
and also user speech, received data and/or user generated
data. In this regard, the mobile terminal 10 is capable of
operating with one or more air interface standards, commu-
nication protocols, modulation types, and access types. By
way of illustration, the mobile terminal 10 is capable of
operating in accordance with any of a number of first, second,
third and/or fourth-generation communication protocols or
the like. For example, the mobile terminal 10 may be capable
of operating in accordance with second-generation (2G)
wireless communication protocols IS-136, time division mul-
tiple access (TDMA), global system for mobile communica-
tion (GSM), and IS-95 code division multiple access
(CDMA), or with third-generation (3G) wireless communi-
cation protocols, such as Universal Mobile Telecommunica-
tions System (UMTS), CDMA2000, wideband CDMA
(WCDMA) and time division-synchronous CDMA (TD-
SCDMA), with 3.9G wireless communication protocol such
as E-UTRAN, with fourth-generation (4G) wireless commu-
nication protocols or the like. As an alternative, or addition-
ally, the mobile terminal 10 may be capable of operating in
accordance with non-cellular communication mechanisms.
For example, the mobile terminal 10 may be capable of com-
munication in a wireless local area network (WL AN) or other
communication networks described below in connection with
FIG. 2.

[0032] In some embodiments, the controller 20 may
include circuitry desirable for implementing audio and logic
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functions of the mobile terminal 10. For example, the con-
troller 20 comprises one or more digital signal processors
and/or one or more microprocessors. The controller may fur-
ther comprise one or more analog to digital converters, one or
more digital to analog converters and/or other support cir-
cuits. Control and signal processing functions of the mobile
terminal 10 are allocated between these devices according to
their respective capabilities. The controller 20 thus may also
include the functionality to convolutionally encode and inter-
leave message and data prior to modulation and transmission.
The controller 20 may additionally include an internal voice
coder, and may include an internal data modem. Further, the
controller 20 may include functionality to operate one or
more software programs, which may be stored in memory.
For example, the controller 20 may be capable of operating a
connectivity program, such as a conventional Web browser.
The connectivity program may then allow the mobile termi-
nal 10 to transmit and receive Web content, such as location-
based content and/or other web page content, according to a
Wireless Application Protocol (WAP), Hypertext Transfer
Protocol (HTTP) and/or the like, for example.

[0033] The mobile terminal 10 may also comprise a user
interface including an output device such as a conventional
earphone or speaker 24, a ringer 22, a microphone 26, a
display 28, and a user input interface, all of which are coupled
to the controller 20. The user input interface, which allows the
mobile terminal 10 to receive data, may include any of a
number of devices allowing the mobile terminal 10 to receive
data, such as akeypad 30, a touch display (not shown) or other
input device. In embodiments including the keypad 30, the
keypad 30 may include the conventional numeric (0-9) and
related keys (#, *), and other hard and soft keys used for
operating the mobile terminal 10. Alternatively, the keypad
30 may include a conventional QWERTY keypad arrange-
ment. The keypad 30 may also include various soft keys with
associated functions. In addition, or alternatively, the mobile
terminal 10 may include an interface device such as a joystick
or other user input interface. The mobile terminal 10 further
includes a battery 34, such as a vibrating battery pack, for
powering various circuits that are required to operate the
mobile terminal 10, as well as optionally providing mechani-
cal vibration as a detectable output.

[0034] In addition, the mobile terminal 10 may include a
positioning sensor 36. The positioning sensor 36 may
include, for example, a global positioning system (GPS) sen-
sor, an assisted global positioning system (Assisted-GPS)
sensor, a Bluetooth (BT)-GPS mouse, other GPS or position-
ing receivers or the like. However, in one exemplary embodi-
ment, the positioning sensor 36 may include a pedometer or
inertial sensor. In this regard, the positioning sensor 36 may
be capable of determining a location of the mobile terminal
10, such as, for example, longitudinal and latitudinal direc-
tions of the mobile terminal 10, or a position relative to a
reference point such as a destination or start point. Informa-
tion from the positioning sensor 36 may then be communi-
cated to a memory of the mobile terminal 10 or to another
memory device to be stored as a position history or location
information. In this regard, for example, the position history
may define a series of data points corresponding to positions
of the mobile terminal 10 at respective times. Various events
or activities of the mobile terminal 10 may also be recorded in
association with position history or location information pro-
vided by the positioning sensor.
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[0035] The mobile terminal 10 may further include a user
identity module (UIM) 38. The UIM 38 is typically amemory
device having a processor built in. The UIM 38 may include,
for example, a subscriber identity module (SIM), a universal
integrated circuit card (UICC), a universal subscriber identity
module (USIM), a removable user identity module (R-UIM),
etc. The UIM 38 typically stores information elements related
to a mobile subscriber. In addition to the UIM 38, the mobile
terminal 10 may be equipped with memory. For example, the
mobile terminal 10 may include volatile memory 40, such as
volatile Random Access Memory (RAM) including a cache
area for the temporary storage of data. The mobile terminal 10
may also include other non-volatile memory 42, which may
be embedded and/or may be removable. The memories may
store any of a number of pieces of information, and data, used
by the mobile terminal 10 to implement the functions of the
mobile terminal 10. For example, the memories may include
an identifier, such as an international mobile equipment iden-
tification (IMEI) code, capable, of uniquely identifying the
mobile terminal 10. Furthermore, the memories may store
instructions for determining cell id information. Specifically,
the memories may store an application program for execution
by the controller 20, which determines an identity of the
current cell, e.g., cell id identity or cell id information, with
which the mobile terminal 10 is in communication.

[0036] FIG. 2 is a schematic block diagram of a wireless
communications system according to an example embodi-
ment of the present invention. Referring now to FIG. 2, an
illustration of one type of system that would benefit from
embodiments of the present invention is provided. As shown
in FIG. 2, a system in accordance with an example embodi-
ment of the present invention includes a first communication
device, e.g., mobile terminal 10, and in some cases also a
second communication device 48. Both first and second com-
munication devices may be capable of communication with a
network 50. The second communication device 48 is pro-
vided as an example to illustrate potential multiplicity with
respect to instances of other devices that may be included in
the network 50 and that may practice example embodiments.
The communications devices of the system may be able to
communicate with network devices or with each other via the
network 50. In some cases, the network devices with which
the communication devices of the system communicate may
include one or more servers. In an example embodiment, the
mobile terminal 10, and/or the second communication device
48, is enabled to communicate with the servers to provide,
request and/or receive information. However, in some
embodiments, not all systems that employ embodiments of
the present invention may comprise all the devices illustrated
and/or described herein.

[0037] Inanexample embodiment, the network 50 includes
a collection of various different nodes, devices or functions
that are capable of communication with each other via corre-
sponding wired and/or wireless interfaces. As such, the illus-
tration of FIG. 2 should be understood to be an example of a
broad view of certain elements of the system and not an all
inclusive or detailed view of the system or the network 50.
Although not necessary, in some embodiments, the network
50 may be capable of supporting communication in accor-
dance with any one or more of a number of first-generation
(1G), second-generation (2G), 2.5G, third-generation (3G),
3.5G, 3.9G, fourth-generation (4G) mobile communication
protocols, Long Term Evolution (LTE), and/or the like.
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[0038] One or more communication terminals such as the
mobile terminal 10 and the second communication device 48
may be capable of communication with each other via the
network 50 and each may include an antenna or antennas for
transmitting signals to and for receiving signals from a base
site, which could be, for example a base station that is a part
of'one or more cellular or mobile networks or an access point
that may be coupled to a data network, such as a local area
network (LAN), a metropolitan area network (MAN), and/or
a wide area network (WAN), such as the Internet. In turn,
other devices such as processing devices or elements, e.g.,
personal computers, server computers or the like, may be
coupled to the mobile terminal 10 and the second communi-
cation device 48 via the network 50. By directly or indirectly
connecting the mobile terminal 10, the second communica-
tion device 48 and other devices to the network 50, the mobile
terminal 10 and the second communication device 48 may be
enabled to communicate with the other devices, or each other,
for example, according to numerous communication proto-
cols including Hypertext Transfer Protocol (HTTP) and/or
the like, to thereby carry out various communication or other
functions of the mobile terminal 10 and the second commu-
nication device 48, respectively.

[0039] Furthermore, although not shown in FIG. 2, the
mobile terminal 10 and the second communication device 48
may communicate in accordance with, for example, radio
frequency (RF), Bluetooth (BT), Infrared (IR) or any of a
number of different wireline or wireless communication tech-
niques, including LAN, wireless LAN (WLAN), Worldwide
Interoperability for Microwave Access (WIMAX), WiFi,
ultra-wide band (UWB), Wibree techniques and/or the like.
As such, the mobile terminal 10 and the second communica-
tion device 48 may be enabled to communicate with the
network 50 and each other by any of numerous different
access mechanisms. For example, mobile access mechanisms
such as wideband code division multiple access (W-CDMA),
CDMA2000, global system for mobile communications
(GSM), general packet radio service (GPRS) and/or the like
may be supported as well as wireless access mechanisms such
as WLAN, WiMAX, and/or the like and fixed access mecha-
nisms such as digital subscriber line (DSL), cable modems,
Ethernet and/or the like.

[0040] Inan example embodiment, one or more devices or
nodes such as servers or other processing element may also be
in communication with the network 50. The servers may have
any number of functions or associations with various ser-
vices. As such, for example, the servers may be platforms
such as a dedicated servers, or a server bank, associated with
a particular information source or service, e.g., a content
streaming service, a geo-predictive feedback service, a map-
ping service, a routing service and/or a navigation service, or
the servers may be backend servers associated with one or
more other functions or services. As such, the one or more
servers may represent a potential host for a plurality of dif-
ferent services or information sources. In some embodiments,
the functionality of the servers is provided by hardware and/
or software components configured to operate in accordance
with known techniques for the provision of information to
users of communication devices. However, at least some of
the functionality provided by the servers is information pro-
vided in accordance with example embodiments of the
present invention.

[0041] Inanexample embodiment, the one or more servers
may include a streaming server 62. The streaming server 62
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may be any entity such as, for example, a streaming server
configured to stream multimedia content to other devices,
e.g., a device such as the mobile terminal 10 with a media
player. In some cases, the streaming server 62 may include
circuitry, e.g., processor and memory storing executable
instructions, for enabling the streaming server 62 to perform
its corresponding functions. Moreover, in some embodi-
ments, the streaming server 62 may be configured to parse
reports, e.g., RTCP extension reports, next application data
units (NADU), estimated capacity vectors (ECV) and other
messages or data provided thereto, e.g., by the mobile termi-
nal 10 or other servers. The ECV comprises one or more
expected channel capacities and corresponding one or more
time offsets. An expected channel capacity instance repre-
sents the expected channel capacity within a segment of the
projected route of the mobile terminal and the corresponding
time offset represents the estimated time duration for the
mobile terminal to travel the same segment of the projected
route. Geo-predictive NADU or GPNADU, e.g., an extension
of the 3GPP NADU packet format to include geo-predictive
(GP) capability, comprises the total buffer space of the receiv-
ing client device, the delta outage bufter space (DOBS), and
the buffering compensation time (BCT). The delta outage
buffer space (DOBS) represents the expected deficit in the
amount of streaming content data due to an outage event.
Specifically, DOBS is the deficit in streaming data due to the
data network throughput rate being lower than the playback
rate within an outage period, or parts of the outage period. The
buffering compensation time (BCT) is an estimated time
duration during which pre-buffering is to take place in order
to compensate for DOBS. The GP NADU may further com-
prise the time duration of the outage (Tgap), i.e., the duration
of'period when the available network throughput drops below
the playback rate. The GP NADU may comprise the ECV. In
other words, the ECV is, for example, embedded within the
GP NADU. Alternatively, The GP NADU and the ECV may
be communicated to the streaming server 62 as separate trans-
port control protocol application (RTCP APP) packets.

[0042] Insome embodiments, the service platform 60 may
further include a congestion map server 64. The congestion
map server 64 may be any entity such as, for example, a
mapping server configured to receive location specific net-
work performance parameters, e.g., bandwidth updates, from
streaming clients at corresponding different locations in order
to determine a location based picture or synopsis of network
performance on a per-location basis. In some cases, the con-
gestion map server 64 may include circuitry, e.g., one or more
processors and one or more memories storing executable
instructions, for enabling the congestion map server 64 to
perform its corresponding functions.

[0043] Insomeembodiments,the congestion map server 64
is configured to receive information related to streaming per-
formance from client devices that are currently receiving
streaming data. The information related to streaming perfor-
mance received from one or more client devices may be
considered to be context information, e.g., including location
information descriptive of the location of the respective client
devices, a corresponding time at which the location informa-
tion is applicable and/or operator details defining network
performance parameters. Context updates may therefore
include, among other things, information descriptive of
operator name, current client device location, available band-
width, base station ID, signal strength, received streaming
throughput and/or other meaningful context information. The
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congestion map server 64 may be configured to utilize the
information above to generate a congestion map on a two
dimensional geographical map, e.g., from Google Maps,
Nokia Maps, or any other available mapping service. As such,
the congestion map may be defined as a function of a set of
user context information parameters in which the user context
is defined as a function of location details and/or operator
details defining network performance parameters. The loca-
tion details may be provided by the position sensor of each
respective client device reporting information to the conges-
tion map server 64.

[0044] FIG. 3 illustrates an example of graphical represen-
tation of a congestion map. As shown in FIG. 3, a typical
geographical map may be overlaid with congestion descrip-
tors, in this example defining good, fair and bad areas, iden-
tifying relative congestion in each respective area based on
the network performance parameter information received for
each respective area from client devices, therein, receiving
streaming data. In some embodiments, good areas may be
defined as areas with excess bandwidth, or available band-
width or signal strength above a threshold level, relative to a
playback rate that can be supported by the mobile terminal 10,
e.g., by media player 66. Fair areas may be defined as areas
that have an average available bandwidth that is substantially
similar to the playback rate supported by the mobile terminal
10, e.g., within a threshold amount, and/or average signal
strength values. Meanwhile, bad areas may be defined as
areas that have signal strength and/or bandwidth limitations
that suggest that the playback rate supported by the mobile
terminal 10 is unlikely to be maintained in such areas, e.g.,
available bandwidth or signal strength below a threshold
level.

[0045] Areas with different network performance charac-
teristics may be distinguished, within the graphical represen-
tation of the congestion map, via color differences, shading,
cross-hatching, or any other overlay techniques. Although the
overlay data may overlap in some cases, in other cases the
borders between areas with different congestion descriptors
may be better defined. As such, finer granularity of detail may
be provided in some embodiments. Moreover, in some
embodiments, different congestion maps may be provided for
different operators or for different times of the day, different
days of the year or other historical data rather than real-time
data. In some embodiments, route data 67 may also be pre-
sented on graphical representation of the congestion map to
indicate either the projected route of the mobile terminal 10 or
the recorded route the mobile terminal 10 has traveled thus
far. Various locations along the route, e.g., indicated by points
A, B, Cand D FIG. 3, may therefore be analyzed with respect
to the expected network performance parameters that will be
encountered at each respective location. Accordingly, the
periods where maintaining a constant playback rate may
become a challenge, e.g., the bad areas such as at point D, may
be graphically visible via the congestion map. The congestion
map is provided to the mobile terminal 10, for example, in the
form of a graphical representation, in the form of an array of
performance and/or network parameters with associated
locations and/or any other form of information that would
convey, to the receiving terminal, the behavior of the expected
streaming performance along the terminal route. Potential
deficits between the receiver rate that can be supplied, e.g., in
bad areas, and the playback rate supported by the mobile
terminal 10 may be addressed based on the information pro-
vided to mobile terminals.
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[0046] In some embodiments, direct correlations may be
established and used to define relationships between dis-
tances and geo-precision. For example, Table 1 below may be
employed in one example in order to assist with selection of
thresholds for fetching and updating neighborhood locations.
The example shows that latitude/longitude coordinates with
no decimals yield a precision of approximately 111 km,
whereas the same coordinates expressed with more decimals
yield a higher precision when expressing a point on the earth,
e.g., the use of five decimals can yield a precisionup to 1.113
m, offering a finer granularity for identifying a location point.

TABLE 1

Relationship of geo-precision and distances

Lat/Long geo-precision distance in meters

0.00001 1.113m
0.0001 11.132m
0.001 111.319m
0.01 1113.195 m
0.1 11131.949 m
1.0 111319.491 m
[0047] Returning now to FIG. 2, the mobile terminal 10

may include a media player 66 or streaming client. The media
player 66 may be an entity that is enabled to initiate, receive
and playback multimedia content that is provided, for
example by the streaming server 62, to the media player 66, or
stored locally at the mobile terminal 10 or in some other
location accessible to the mobile terminal 10 streaming
server. In an example embodiment, the media player 66 may
be further configured to generate real time transport control
protocol application (RTCP APP) packets such as GP NADU
and/or ECV for provision to the streaming server 62.

[0048] Inanexampleembodiment, the streaming server 62,
the congestion map server 64 and the media player 66 may
work together to provide an efficient mechanism by which to
adjust media download and buffering to avoid/reduce stream-
ing interruptions due to data outages or times of reduced
network bandwidth in certain areas. In this regard, for
example, the congestion map server 64 may be configured to
determine, and perhaps store, information indicative of cur-
rent network congestion areas based on feedback provided
from a plurality of client devices. The provided feedback
comprises client devices locations and streaming parameters
of'each respective device. As such, the congestion map server
64 may be enabled to build a spatial and temporally oriented
database of network capacity. The information on location
and time based network congestion may then be used in
connection with information regarding the location and pro-
jected location of the mobile terminal 10 in order to determine
expected times and durations at which outages or data insuf-
ficiencies, relative to the streaming or playback rate, are likely
to occur. Based on these expected times and durations, the
streaming server 62 may adjust delivery rates at a time proxi-
mate to the expected times in order to pre-buffer sufficient
data to enable the provision of data at the streaming or play-
back rate throughout the expected times and durations during
which outages or data insufficiencies are expected.

[0049] In an example embodiment, the mobile terminal 10
may employ a device configured to interact with the stream-
ing server 62, the congestion map server 64 and the media
player 66 to facilitate communications that enable the sharing
and use of information among the streaming server 62, the
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congestion map server 64 and the media player 66 to enable
the pre-buffering described above. In this regard, the mobile
terminal 10 may employ a geo-predictive adapter 80 config-
ured to manage the interaction described above. FIG. 4 illus-
trates a block diagram of an apparatus that may be employed
at the mobile terminal 10 to host or otherwise facilitate the
operation of the geo-predictive adapter 80 according to an
example embodiment of the present invention. An example
embodiment of the invention will now be described with
reference to FIG. 4, in which certain elements of an apparatus
for providing geo-predictive streaming services are dis-
played. The apparatus of FIG. 4 may be employed, for
example, on the mobile terminal 10. However, the apparatus
may alternatively be embodied at a variety of other devices,
both mobile and fixed, such as, for example, any of the
devices listed above. In some cases, embodiments may be
employed on either one or a combination of devices. Accord-
ingly, some embodiments of the present invention may be
embodied wholly at a single device, e.g., the mobile terminal
10 or the second communication device 48, by a plurality of
devices in a distributed fashion or by devices in a client/server
relationship, e.g., the mobile terminal 10 and the servers 62
and 64.

[0050] Referring now to FIG. 4, an apparatus for providing
geo-predictive streaming services is provided. The apparatus
may include or otherwise be in communication with one or
more processors such as processor 70, a user interface 72, one
or more communication interfaces 74 and a memory device
76. The memory device 76 may include, for example, one or
more volatile and/or non-volatile memories. In other words,
for example, the memory device 76 may be an electronic
storage device, e.g., a computer readable storage medium,
comprising gates configured to store data that may be retriev-
able by a machine, e.g., a computing device. The memory
device 76 may be configured to store information, data, appli-
cations, instructions or the like for enabling the apparatus to
carry out various functions in accordance with exemplary
embodiments of the present invention. For example, the
memory device 76 may be configured to buffer input data for
processing by the processor 70. Additionally or alternatively,
the memory device 76 could be configured to store instruc-
tions for execution by the processor 70.

[0051] The processor 70 may be embodied in a number of
different ways. For example, the processor 70 may be embod-
ied as one or more of various processing means such as a
coprocessor, a microprocessor, a controller, a digital signal
processor (DSP), a processing element with or without an
accompanying DSP, or various other processing devices
including integrated circuits such as, for example, an appli-
cation specific integrated circuit (ASIC), an field program-
mable gate array (FPGA), a microcontroller unit (MCU), a
hardware accelerator, a special-purpose computer chip, pro-
cessing circuitry, or the like. In an example embodiment, the
processor 70 may be configured to execute instructions stored
in the memory device 76 or otherwise accessible to the pro-
cessor 70. Alternatively or additionally, the processor 70 may
be configured to execute hard coded functionality. As such,
whether configured by hardware or software methods, or by a
combination thereof, the processor 70 may represent an
entity, e.g., physically embodied in circuitry, capable of per-
forming operations according to embodiments of the present
invention while configured accordingly. Thus, for example,
when the processor 70 is embodied as an ASIC, FPGA or the
like, the processor 70 may be specifically configured hard-
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ware for conducting the operations described herein. Alter-
natively, as another example, when the processor 70 is
embodied as an executor of software instructions, the instruc-
tions may specifically configure the processor 70 to perform
the algorithms and/or operations described herein when the
instructions are executed. However, in some cases, the pro-
cessor 70 may be a processor of a specific device, e.g., the
mobile terminal 10 or a network device, adapted for employ-
ing embodiments of the present invention by further configu-
ration of the processor 70 by instructions for performing the
algorithms and/or operations described herein. The processor
70 may include, among other things, a clock, an arithmetic
logic unit (ALU) and logic gates configured to support opera-
tion of the processor 70.

[0052] Meanwhile, the communication interface 74 may be
any means such as a device or circuitry embodied in either
hardware, software, or a combination of hardware and soft-
ware that is configured to receive and/or transmit data from/to
a network and/or any other device or module in communica-
tion with the apparatus. In this regard, the communication
interface 74 may include, for example, an antenna, or mul-
tiple antennas, and supporting hardware and/or software for
enabling communications with a wireless communication
network. In some environments, the communication interface
74 may alternatively or also support wired communication.
As such, for example, the communication interface 74 may
include a communication modem and/or other hardware/soft-
ware for supporting communication via cable, digital sub-
scriber line (DSL), universal serial bus (USB) or other mecha-
nisms.

[0053] The user interface 72 may be in communication
with the processor 70 to receive an indication of a user input
at the user interface 72 and/or to provide an audible, visual,
mechanical or other output to the user. As such, the user
interface 72 may include, for example, a keyboard, a mouse,
a joystick, a display, a touch screen, soft keys, a microphone,
a speaker, or other input/output mechanisms. In an exemplary
embodiment in which the apparatus is embodied as a server or
some other network devices, the user interface 72 may be
limited, or eliminated. However, in an embodiment in which
the apparatus is embodied as a communication device, e.g.,
the mobile terminal 10, the user interface 72 may include,
among other devices or elements, any or all of a speaker, a
microphone, a display, and a keyboard or the like. In this
regard, for example, the processor 70 may comprise user
interface circuitry configured to control at least some func-
tions of one or more elements of the user interface, such as, for
example, a speaker, ringer, microphone, display, and/or the
like. The processor 70 and/or user interface circuitry com-
prising the processor 70 may be configured to control one or
more functions of one or more elements of the user interface
through computer program instructions, e.g., software and/or
firmware, stored on a memory accessible to the processor 70,
e.g., memory device 76, and/or the like.

[0054] Inanexemplary embodiment, the processor 70 may
be embodied as, include or otherwise control the geo-predic-
tive adapter 80. As such, in some embodiments, the processor
70 may be said to cause, direct or control the execution or
occurrence of the various functions attributed to the geo-
predictive adapter 80 as described herein. The geo-predictive
adapter 80 may be any means such as a device or circuitry
operating in accordance with software or otherwise embodied
in hardware or a combination of hardware and software. The
geo-predictive adapter may also be a software application, or
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a set of software executable instructions, executed for
example by processor 70. The corresponding functions of the
geo-predictive adapter 80 are performed as described herein.

[0055] The geo-predictive adapter 80 may be configured to
communicate with the congestion map server 64 to request
network performance parameters, e.g., bandwidth updates,
for either specific areas to which the geo-predictive adapter
80 determines a likelihood of entry in a given period of time,
or for a general area. The geo-predictive adapter 80 may then
receive aresponse, ¢.g., from the congestion map server 64, to
the request. The geographically based network performance
parameters information received from the congestion map
server 64 may then be used to predict content delivery param-
eters, e.g., bandwidth, signal strength and/or other param-
eters, for a planned route or projected route of the mobile
terminal 10. The planned or projected route may be deter-
mined based on a route for which guidance is currently being
provided, based on analysis of stored route data to determine
if a current route matches a frequently traveled route, or based
on extrapolation of user position based on current direction
and speed of travel. As such, for example, if the user is
projected or plans to pass through an area with relatively poor
content delivery parameters, a time including start time and
duration, for which such poor parameters are likely to be
applicable, may be determined. A time period during which it
is likely that the playback rate cannot be maintained due to
loss or reduction in streaming rate for a period of time over
which the typical pre-buffering is not sufficient to maintain
the playback rate, may be referred to as an outage or outage
event. Based on the outage event, and the network content
delivery parameters expected to be encountered along the
way, the geo-predictive adapter 80 may determine bandwidth
excess along the route that may be employed to pre-buffer
sufficient data to account for an upcoming outage event. A
constant playback rate may be maintained, even while pass-
ing through areas in which relatively poor content delivery
parameters are applicable, by pre-buffering sufficient amount
of streaming data ahead of the outage region.

[0056] The geo-predictive adapter 80 may thereafter pro-
vide signaling to the streaming server 62 to provide informa-
tion indicative of content delivery parameters requested to
pre-buffer data as indicated above. For example, the geo-
predictive adapter 80 may be configured to indicate the time
at which increased bandwidth for pre-buffering is desired,
requested rates and the duration for which such increased
bandwidth for pre-buffering is desired.

[0057] In an example embodiment, the geo-predictive
adapter 80 may receive positioning information from the
positioning sensor 36 in order to determine current location
and a projected future location of the mobile terminal 10. As
such, the geo-predictive adapter 80 is configured to determine
aprojected location for the mobile terminal 10, e.g., including
a location and a corresponding time at which the mobile
terminal is projected to be at the location. In some embodi-
ments, the geo-predictive adapter 80 is configured to generate
aprojected route including a plurality of corresponding loca-
tions and times defining a likely route the user is expected to
take given current indications. The current indications, as
mentioned above, may include the current location, speed of
motion, direction of motion, historical information, route
guidance information and/or other available information. The
geo-predictive adapter 80 may then compare the projected
location of the mobile terminal 10 to network congestion area
information provided by the congestion map server 64 to

Jan. 12,2012

determine areas and corresponding times during which there
is a deficit expected between the amount of data already
buffered and the data that would be required to continue the
current playback rate considering the network congestion of
areas that lie along the projected route of the mobile terminal
10. The geo-predictive adapter 80 may then request increased
bandwidth for pre-buffering from the streaming server 62 as
described above in order to attempt to pre-butfer data at least
equivalent to the expected deficit.

[0058] Insomeembodiments,the congestion map server 64
and/or the streaming server 62 include components such as a
processor 70', a memory device 76' and a communication
interface 74' as shown in the example of FIG. 10. The proces-
sor 70", the memory device 76' and the communication inter-
face 74' may have similar structural characteristics and func-
tional capabilities to the processor 70, memory device 76 and
communication interface 74 of FIG. 4 except perhaps as to
scale and semantic differences.

[0059] Operation of an example embodiment will now be
described in reference to FIG. 5, which illustrates scheduling
operations associated with the provision of geo-predictive
feedback and adaptation according to an example embodi-
ment. FIG. 5 illustrates an estimated channel capacity curve
100, which is determined based on the congestion map and
the projected route of the mobile terminal 10. FIG. 5 also
illustrates a curve of a transmission rate 110 as compared to
the playback rate 104 of the media player 66. The playback
rate 104 is the bitrate at which received media data is played
back by the media player 66. The receiver rate is the bitrate at
which media data is received by the mobile terminal 10. In
order to allow a user to experience smooth delivery of stream-
ing content, it may be desirable to ensure that sufficient data
is buffered to enable maintaining a continuous playback rate
104 even when the receiver rate, calculated from the esti-
mated channel capacity 100, is low due to poor network
performance parameters in a particular area. In the illustrative
example of FIG. 5, the playback rate 104 is shown to be
constant. However, in a different example the playback rate
104 may vary in time. Whether the playback rate 104 is
constant or time-varying, example embodiments propose pre-
adjusting the transmission rate 110 in a way to allow sufficient
buffering of streaming content data, for example, ahead of an
area with relatively low network performance. For example,
lack of available bandwidth may result in a delta outage buffer
space (DOBS), as shown in FIG. 5, that occurs when the
estimated channel capacity curve 100 passes below the play-
back rate 104 for a period that cannot be covered by initial
pre-buftering. The delta outage buffer space represents the
expected deficit in streaming data content due to an upcoming
outage event, e.g. as a result of the mismatch between channel
capacity 100 and playback rate 104.

[0060] As shown in FIG. 5, pre-buffering may be initially
performed, for example for about five to ten seconds, prior to
initiation of playback. Using information from the congestion
mayp, the geo-predictive adapter 80 may predict the network
throughput at locations along a projected route, e.g., locations
coming up in the near future within some threshold amount of
time. If the estimated channel capacity expected to be
encountered is higher than the current, or the expected, media
playback rate, then the media player 66 does not need to
buffer additional data. However, if the estimated channel
capacity is going to fall below the media streaming or play-
back rate at some point along the projected route, then the
geo-predictive adapter 80 may calculate the time duration of
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outage. For example, the geo-predictive adapter 80 calculates
an expected time of outage and the expected duration of time,
Tgap, during which the channel capacity is expected to fall
below a desired or optimum media streaming rate, e.g., the
playback rate 104. The geo-predictive adapter 80 then sched-
ules a period of increased transmission rate 110 and/or switch
the stream or playback rate 104 to a lower rate. Scheduling a
period of increased transmission rate 110 includes determin-
ing, or looking at, the estimated channel capacity between a
current time (T_now) and the time-of-outage and scheduling
RTCP APP packets to be sent to the geo-predictive server in
order to initiate increase in transmission rate.

[0061] To maintain the playback rate 104 continuous, the
DOBS must be accounted for by pre-buffering during the
period of increased transmission rate 110. By considering the
excess channel capacity available, with respect to the
expected playback rate, as indicated by the estimated channel
capacity curve 100, the geo-predictive adapter 80 may be
configured to determine an estimated capacity vector (ECV)
to define a buffering compensation time (BCT) during which
increased bandwidth resources are being employed for pre-
buffering. If the excess of pre-buffered streaming content data
equals or exceeds DOBS, it is likely that the playback rate 104
may be maintained even though the receiver rate 102 dips low
during the time duration of outage Tgap. In initiating pre-
buffering, round trip time (RTT) may be considered as well, to
ensure that instructions are received and can be acted on
before corresponding events occur. Round trip time (RTT)
refers to the time duration needed for signaling between, for
example, a mobile terminal and a server or a network entity,
and vice-versa, before instructions signaled between the enti-
ties are implemented. Thus, the RTCP APP packets, e.g.,
geo-predictive NADU and/or ECV, may be sent one RTT in
advance of the start of the buffering compensation time
(BCD.

[0062] FIG. 6 illustrates a control flow diagram showing
signaling flow between different entities involved in provid-
ing services according to an exemplary embodiment. As
shown in FIG. 6, the mobile terminal 10, e.g., a client device
receiving streaming content, may initiate a session with the
streaming server 62 at operation 200 and the streaming server
62 may begin to stream media content data, e.g., real time
protocol (RTP) media data, to the mobile terminal 10 at
operation 202. At operation 204, the mobile terminal 10 may
request information associated with a congestion map. For
example, the mobile terminal 10 may issue a “look ahead
request” providing information to the congestion map server
64 and request network performance feedback for areas to
which the projected route of the mobile terminal 10 is head-
ing. In some examples, the mobile terminal 10 provides infor-
mation indicative of the mobile terminal’s current location,
direction or trajectory, and/or the like. The mobile terminal 10
also requests neighborhood or other geographic area infor-
mation for areas through which the mobile terminal 10 is
projected to pass in a given time frame. The congestion map
server 64, at operation 206, determines a look ahead response
to the look ahead request. The look ahead response is pro-
vided to the mobile terminal 10 at operation 208 as congestion
map information. In this regard, the congestion map server 64
may generate and/or update a congestion map for provision to
the mobile terminal 10 or the congestion map server 64 may
simply provide an indication of network performance param-
eters likely to be encountered based on the projected route of
the mobile terminal 10. As such, the congestion map infor-
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mation may provide an array of future locations with corre-
sponding channel throughputs for each location either in a
tabular form, or as determinable from the congestion map
itself. In some embodiments, if an outage period is detected,
complete outage information may be sent. However, if no
outage period is detected, then only neighborhood informa-
tion may be sent.

[0063] At operation 210, the mobile terminal 10 schedules
geo-predictive NADU and/or ECV to be transmitted to the
streaming server 62. The scheduling includes estimating the
time at which geo-predictive NADU and/or ECV are to be
transmitted based at least in part on buffering compensation
time. The RTCP APP packets, e.g., geo-predictive NADU
and/or ECV, are then communicated to the streaming server
62 at operation 212 to perhaps schedule a period of increased
bandwidth consumption to pre-buffer streaming content data
in order to compensate for the amount of data deficit due to
the upcoming outage event. In some cases, if pre-buffering is
not possible or desirable, the playback rate may be decreased
instead, e.g., by switching to a lower media bit rate stream. At
operation 214, the streaming server may either provide pre-
buffer data or provide a stream switched to a lower rate. In
some situations, the streaming server 62 may employ a trans-
mission rate and stream switch algorithm or the processor of
the streaming server 62 may execute other functionality asso-
ciated with determining whether sufficient capacity exists to
offset DOBS with higher transmission rate. If there isn’t
sufficient capacity, the streaming server determines a lower
bit stream rate that can be provided. After operation 214,
further look ahead requests may be issued and responded to as
indicated by arrow 216. Additionally, further communica-
tions between the mobile terminal 10 and the streaming server
62 regarding geo-predictive NADU and/or ECV with corre-
sponding media provision may be accomplished as indicated
by arrow 218.

[0064] A more detailed discussion of signaling mecha-
nisms employed in connection with some example embodi-
ments will now be provided by way of example and not of
limitation. In some embodiments, at least three general types
of signaling messages may be defined including location
specific updates, look ahead requests and look ahead
responses. Location-specific updates may include messages
sent from mobile devices and their corresponding streaming
clients to the congestion map server 64 to update congestion
maps or other congestion map information periodically.
Look-ahead requests may include messages sent from the
mobile terminal 10, e.g., via the geo-predictive adapter 80, to
the congestion map server 64 to fetch or otherwise request
network performance parameters, e.g., bandwidth predic-
tions of future locations along a projected route or path. The
path maybe known or unknown depending on the use-case.
Look-ahead responses may include messages that are
responses to look-ahead requests and contain congestion map
information sent from the congestion map server 64 to the
mobile terminal 10.

[0065] In an example embodiment, location-specific
updates may be sent periodically or whenever the mobile
terminal 10 arrives at a new location. However, in some
alternative embodiments, location-specific updates may be
sent in-bulk when a session is otherwise idle or when very
good channel conditions exist. Each location update may
include, for example, operator name and current position,
e.g., latitude and/or longitude. Latitudes may vary from -90,
+90 while longitudes may vary from -180, 180, represented
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in decimal format. Location updates may also include, for
example, a current radio signal strength indicator, e.g., mea-
sured in percent or decibels, average throughput, e.g., avail-
able at the client since the last location update, measured in
kbps, trajectory of the user, e.g., measured in angle, direction
of'the user, e.g., measured according to cardinal points, speed
of'user, e.g., measured in standard speed measurement units,
age, e.g., of the information as indicated on a timestamp,
and/or the like. A message format for a congestion map
update (CMUP) is provided as an example in FIG. 7. On
receiving CMUP updates, the congestion map server 64 may
be configured to use a simple moving average to update a
pre-existing value at a corresponding location.

[0066] A look ahead request may be a query that the mobile
terminal 10 provides to the congestion map server 64 to
request network neighborhood connectivity details, e.g., net-
work performance parameters for a local area or an area
expected to be encountered within a given period of time. A
first look-ahead is typically sent by the mobile terminal 10 in
response to starting a new session. If the mobile terminal 10
has no prior information saved for a particular neighborhood
location, the mobile terminal 10 may wait until the congestion
map information for nearby locations is received from the
congestion map server 64 before predictive rate-control can
be initiated. In some embodiments, whenever the current
position of the user changes, the mobile terminal 10, e.g., via
the geo-predictive adapter 80, may actively request band-
width information for neighborhood locations or other areas
to be encountered based on the projected route of the mobile
terminal 10. In some cases, rather than bulk downloading the
congestion map information (CMIN), the mobile terminal 10
may request information using a sliding-window technique.

[0067] The look ahead request, or Congestion Map Look-
Ahead (CMLA), may include information such as the opera-
tor name, current position, trajectory of the user, direction of
the user, speed of the user and/or a look ahead distance. The
look ahead distance may express an amount of CMIN data
that the mobile terminal 10 desires to receive in the response.
The look ahead distance can be expressed in space or time
dimensions. For example, by indicating 1 km, the mobile
terminal 10 may indicate a desire to obtain CMIN data for the
next 1 km path for the given trajectory and direction. As
another example, by indicating 30 seconds, the mobile termi-
nal may indicate a desire to obtain CMIN data for the next 30
seconds along the current path for the given trajectory, direc-
tion and speed of the user.

[0068] Congestion map information (CMIN) may be sent
from the congestion map server 64 to the mobile terminal 10.
CMIN may be embedded into a look ahead response as areply
to a client look ahead request. The CMIN may include net-
work information about future locations in a particular area or
neighborhood. CMIN may in some cases be a vector and
include a list of information defining expected channel capac-
ity at locations along the requested or projected route speci-
fied by the look ahead query. For example, the congestion
map server 64 may send available bandwidth details along a
requested 5 km path for a user traveling at 60 km/h on a given
trajectory and direction and operator network. When using
neighborhood details, the geo-predictive adapter 80 may be
enabled to determine beforehand when link capacity drops
below streaming requirements, and therefore be in a better
position to request for additional media data beforehand. In
some embodiments, each element of the CMIN vector may
include information such as future location, e.g., in latitude/
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longitude, and expected channel capacity, e.g., measured in
kbps. FIG. 8 shows an example message format for CMIN
according to an example embodiment.

[0069] As indicated above, in some embodiments, the con-
gestion map server 64 may be configured to execute a look
ahead algorithm. To minimize the likelihood that pre-bufter-
ing is undertaken unnecessarily, e.g., due to route changes to
areas that do not have bad characteristics or due to timing
delays along a route, it may be desirable to schedule looking
ahead as late as possible to try to exploit estimated channel
capacity and get more consistent throughput values near out-
age areas over time. Accordingly, in response to receiving a
look ahead request at the congestion map server 64, the speed,
trajectory, direction, current user location and look-ahead
distance may be referenced. Based on these factors, and/or
other information such as historical route information or
route guidance information for a route currently being
guided, the congestion map server 64 may determine the
projected route. The congestion map server 64 may then also
extract the estimated channel capacity for each future loca-
tion along the projected route, e.g., at a predetermined dis-
tance or time interval. The estimated channel capacities may
be updated values based on data provided from streaming
clients associated with other terminals. The congestion map
server 64 may then generate CMIN and send the CMIN to the
mobile terminal 10, as one example of a streaming client. The
geo-predictive adapter 80 of the mobile terminal 10 may then
parse through the dataset provided to determine whether any
outage periods are likely to be encountered along the pro-
jected route, e.g., DOBS. The geo-predictive adapter 80 may
then schedule geo-predictive NADU messages and ECV
packets for communication to the streaming server 62.

[0070] When communicating with the streaming server 62,
the geo-predictive adapter 80 may provide signaling or mes-
sages including extensions to 3GPP NADU formatted pack-
ets that include geo-predictive elements as described herein
and ECVs. The ECVs, which comprise estimated capacity
values and corresponding estimated time offsets, are deter-
mined by the geo-predictive adapter. The ECVs are provided
as a type of APP packet that is usually used to adapt the
streaming server 62 to provide a period of increased trans-
mission rate to account for DOBS. The ECVs may also be
embedded in the GP NADU. In an example embodiment, the
outage period may be defined as a period during which the
available link capacity drops below the playback rate. In an
example case, the time duration of outage (Tgap) is the dura-
tion of period during which the available link capacity drops
below the playback rate. In case the start and/or the end of the
outage period are to be signaled by the mobile terminal to the
streaming server, the time duration for signaling may be
incorporated in the time duration of outage (Tgap). For
example if the mobile terminal is to send PAUSE message,
before the outage occurs, to the streaming server, that may
add a signaling duration of 0.5*RTT. Meanwhile, 1 *RTT may
be required when sending a PLAY command after the end of
an outage period. In other words, it takes 1 RTT for receiving
media data from the server again. Pausing the streaming is
optional. For example if in the outage region, the streaming
server may still transmit data a low data transmission rate, the
streaming may continue with low data transmission rate and
no pause is applied. Similarly the PLAY message is also
optional.

[0071] Based on the CMIN, received from the congestion
map server, the mobile terminal generates the ECV. The
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CMIN comprises estimated channel capacities and corre-
sponding locations at which the estimated/expected channel
capacities apply. The ECV comprises all or some of the esti-
mated channel capacities in CMIN and time offsets associ-
ated with the estimated channel capacities. The time offsets
are estimated time durations for the mobile terminal to move
from one location to the next on the projected route. The
mobile terminal, for example, uses distances between the
locations indicated in CMIN and speed information, of the
mobile terminal, to estimate/calculate the time offsets. Once
the time offsets are calculated/estimated, the Delta Outage
Buffer Space (DOBS) is then estimated/calculated, for
example, based on the estimated channel capacities and cor-
responding time offsets associated with the outage region.
For example, DOBS may be estimated/calculated by sub-
tracting the estimated amount of data needed for playback in
the outage region from the sum of channel capacities, within
outage region, multiplied by corresponding time offsets. That
is DOBS=(playback rate*Tgap)-sum (ECCJi]*t[i]) if play
back rate is expected to be constant in the outage region. The
term ECCJi] represents an instance of an estimated channel
capacity with index i and the term t[i] represents the corre-
sponding time offset. If play back rate is changing, a more
accurate estimation may be applied by accounting for the
variation in the playback rate. In estimating DOBS an error
term may be added to compensate, for example, for errors in
estimated channel capacities, error in playback rate, error in
time offsets and/or the fact that transmission rate within the
outage region may be below estimated channel capacities.
DOBS may be expressed in bits or bytes or in some other
suitable units. IfDOBS is >0 there is an outage event. In order
to signal a buffer expansion, the receiver (e.g., the mobile
terminal 10) may utilize the NADU Free Buffer Space (FBS)
field to signal the use of additional buffer space in the receiver
buffer. As an example, the FBS may signal in the 3GPP
NADU packet, New_FBS=DOBS-FBS. Alternatively, the
DOBS may be signaled to the streaming server 62 using
another suitable transport protocol.

[0072] Inan example embodiment, by signaling a need for
additional buffer space from the mobile terminal 10 to the
streaming server 62, the streaming server 62 may be aware of
how much extra data needs to be filled in at the receiver buffer
in order to keep it in a healthy condition to permit uninter-
rupted playback. When using the look ahead procedures
described herein, the receiver may be able to gauge by reading
the vector CMIN when the outage will occur, taking into
account the user speed when reading the vector. As such, the
buffering compensation time (BCT), indicates an estimated
amount of time for pre-buffering before the outage event
starts. The BCT can be signaled to the streaming server 62
using any suitable protocol. Since BCT is a function of speed,
in cases where speed changes, the mobile terminal 10 may be
enabled to signal an updated BCT to the streaming server 62
in order to update the old BCT value.

[0073] Additionally, in order to avoid losses during the
outage period, the receiver may calculate a Time To Pause
(TTP) value, defining an instant slightly before when the
outage will occur. The mobile terminal 10 may send an RTSP
PAUSE signal to the streaming server 62 to pause the data
stream at the TTP instant. After the reception of the PAUSE
message the streaming server 62 may not send any more data
until a PLAY signal is received. The receiver may then send a
PLAY signal when the Time Duration of Outage expires.
Accordingly, the streaming server 62 may be enabled to deter-
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mine encoding and transmission rates to be employed based
on the information received, which are the FBS (or DOBS)
and the BCT. The BCT may indicate the relative urgency that
the streaming server 62 must have when filling the buffer,
whereas DOBS may be indicative of the amount of extra data
that must be delivered within the BCT time.

[0074] Accordingly, for example, the geo-predictive
NADU packet, may include fields such as a total buffer space,
DOBS and BCT. The GP NADU may further include the time
duration of the outage, e.g., Tgap. The GP NADU may
include the ECV. In other words, the ECV is communicated to
the streaming server 62, for example, within the GP NADU.
Thetotal buffer space defines a total buffer space of the media
player 66 in the mobile terminal 10. The total buffer space
may be an enlarged buffer space due to the need for extra
buffering to compensate for expected data deficit in the area
of' outage. DOBS defines an estimated amount of data deficit
during the outage period and therefore the amount of filled
buffer space needed in order to compensate for the outage.
BCT defines the time duration between the sending of the
geo-predictive NADU message and the time when the outage
begins, e.g., time of outage. When scheduling the sending of
the geo-predictive NADU, the actual schedule may take into
account that it will take 1*RTT in order for the message to be
received and for the server to take an appropriate action.
Accordingly, it may be advisable to schedule the sending of
the RTCP APP geo-predictive NADU 1*RTT earlier than
BCT. Alternatively, the 1 *RTT may be included in the BCT so
that BCT is the estimated time duration for pre-buffering plus
1*RTT.

[0075] Due to collaboration between the mobile terminal
10, e.g., the geo-predictive adapter 80, and the congestion
map server 64, the mobile terminal 10 may be aware of
throughput variations to be expected over the projected route,
because the mobile terminal 10 received information in the
CMIN vector. However, this information may generally not
otherwise be known to the streaming server 62 especially if
ECV is not communicated to streaming server 62. The
streaming server 62 may use a new defined average transmis-
sion rate to attempt to compensate for a future outage. The
streaming server 62 may further adjust/modity the transmis-
sion rate 110 based on, for example, feedback control infor-
mation received from the mobile terminal 10. Unfortunately
the average new transmission rate cannot be guaranteed as the
channel capacity is varying throughout time. Therefore, the
streaming server 62 is generally unaware of the filling rate,
e.g., how quickly it should be filling the receiver buffer in the
mobile terminal 10 at the different stages of the fast filling
process until the ECV is provided. In other words, the stream-
ing server 62 needs to know what is the future transmission
rate it can use for fast filling the receiver buffer in the mobile
terminal 10 and how long it can use that transmission rate.

[0076] Based on the CMIN vector, the mobile terminal
calculates parameters such the delta outage buffer space
(DOBS), the expected time of outage, the location of outage,
the time duration of outage Tgap given the variable network
bandwidth reported in CMIN with corresponding locations,
the media playback rate and/or the speed information of the
mobile terminal. The mobile terminal receives from the con-
gestion map server 64, for example, a CMIN vector including
N elements. Let the vector of locations be already sorted from
closest location to furthest locations according to the esti-
mated streaming client, or mobile terminal, route. For
example, the vector index 1 represents the closest location to
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the streaming client, whereas the vector index N represents
the furthest location from the streaming client. The streaming
client scans the CMIN vector in the forward direction, e.g.,
from closest location towards the furthest location. If an out-
age period does not exist in the CMIN vector, then the mobile
terminal terminates the geo prediction process and waits for
the next scheduled fetching of CMIN data according to the
current speed and route. If an outage period exists in the
CMIN vector, then by taking into account the current speed,
the streaming client calculates the instant when the time-of-
outage is expected to occur based on a detected location of
outage and the speed information. The streaming client, e.g.
mobile terminal 10, also calculates the time duration of out-
age Tgap based on, for example, the distances between con-
secutive locations of outage and the speed information. The
streaming client, e.g., mobile terminal 10, also calculates
DOBS. DOBS may be calculated based on estimated channel
capacities of projected route segments within the outage
region and the corresponding time offsets. The time offsets
represent the estimated time durations for the mobile terminal
10 to travel the corresponding route segments. The time off-
sets are, for example, estimated based on the length of the
route segments and the speed information of the mobile ter-
minal. The speed information, for example, includes current
speed of the mobile terminal and/or expected speeds in pro-
jected route segments. The expected speeds in projected route
segments may be provided, for example, by a global position-
ing system (GPS) device. The mobile terminal 10, also cal-
culates the buffering compensation time BCT which is the
estimated pre-buffering time duration sufficient to compen-
sate for the data deficit due to the upcoming outage.

[0077] To provide the streaming server 62 with complete
future channel conditions according to a scheduling method
of an example embodiment, the mobile terminal 10 may
decompose the CMIN vector received from the congestion
map server 64 into temporal information by using the user’s
current speed and distance between future locations. The
mobile terminal 10, e.g., again via the geo-predictive adapter
80, may cause the communication of a subset of information
of'the CMIN vector to the streaming server 62 as an array of
information defining the ECV. To determine the ECV, the
geo-predictive adapter 80 may be configured to estimate the
time at which the time-of-outage will occur based on the
CMIN location information and the current speed. The cor-
responding location of outage may also be known from the
CMIN vector. Let a parameter C be equal to zero. The geo-
predictive adapter 80 may also read the CMIN vector ele-
ments in a backward direction from the location of outage,
e.g., proceeding from the location indicating start of outage to
the nearest location. Each CMIN vector element may carry an
expected channel capacity value ECCJ[i]. For a given mobile
terminal speed, the geo-predictive adapter 80 may determine
the time offset t[i], which is the time duration the expected
channel capacity t[i] will hold in the network. If the expected
channel capacity ECCJ[1] is expressed in kbps, then the param-
eter C is updated as C=C+((ECC[i]-playback rate)*t[i]
*1000/8) until C equals, or closely approximates, DOBS.
According to this formulation, C is a bytes counter. This
procedure allows also the estimation of minimum BCT by
summing up the corresponding time offsets t[i]. In other
words, assuming that transmission rate would be equal to
estimated channel capacities, the procedure estimates the
minimum possible period for pre-buffering before the outage
period starts. In estimating the BCT, the mobile terminal may
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account for estimation errors in the expected channel capaci-
ties, estimation error in the playback rate, the fact that the
transmission rate 110 may be less than the expected channel
capacities and/or other factors. The <ECCJ[1], t[1]>, <ECC
[2], t[2]>, . . . , <ECC]n], t[n]> may be transmitted to the
streaming server 62, as ECV, using a suitable protocol such as
RTCP. The vector/array, ECV, may also be compressed in a
suitable manner before transmission. Accordingly, the ECV
includes an estimated channel capacity and a time offset for
each corresponding vector element, for example with index i
of'the ECV message. As an example, ifthe ECV is transmitted
to the streaming server 62 with the following values, perhaps
among, . . . <45,3>, <64, 4> . . . | it means that the streaming
server 62 can transmit up to 45 kbps of data for 3 seconds, and
subsequently transmit up to 64 kbps for 4 seconds, etc. The
information in the ECV may be communicated via RTCP
APP packets or any other suitable manner. For example, the
ECV may be communicated within the GP NADU. Using the
information in DOBS, BCT and ECV, the streaming server 62
may be enabled to determine transmission rate and/or stream
switching decisions accurately.

[0078] To update the time offsets of an existing ECV at the
streaming server 62 because the user speed changed in non
negligible way, the mobile terminal 10 may provide the
streaming server 62 with a speed factor, so that the time
offsets can be resealed accordingly based on the speed factor.
In such examples, an updated speed factor may define a ratio
between the velocity when the ECV was generated and the
current velocity of the user. In response to receiving a mes-
sage including an updated speed factor, the streaming server
62 may be enabled to update, on the fly, the time offsets in the
ECV. For example, if the user speed was 60 km/h at the time
of sending the ECV and the new speed is 90 km/h, the
Updated Speed Factor transmitted may be equal to 0.66.
Upon reception of the updated value the streaming server 62
may multiply the updated value with the time offsets. In the
example above, the two time offsets would change to 2 and
2.66 seconds. The updated speed factor may be transmitted
via RTCP or any other suitable protocol.

[0079] Responsive to receipt of the geo-predictive NADU
and ECV packets, scheduling of data provision may be
accomplished. In this regard, using the predicted bandwidths
and optimal media-rate the geo-predictive adapter 80 may be
enabled to calculate the period of outage (Tgap) and the
buffering compensation time (BCT). Using the geo-predic-
tive NADU, the geo predictive adapter 80 may be enabled to
cause the communication of an indication of the extra buffer
space needed. Along with the knowledge of BCT the stream-
ing server 62 may therefore be enabled to determine the new
bandwidth.

[0080] The mobile terminal 10, depending on the situation,
may choose to signal the GP-NADU at the time of detection
of the outage, less stress on the link, or at a later time when
appropriate. Signaling the GP-NADU at a later time allows
avoiding unnecessary signaling, for example, if the user
switches to a new content. The predictive bandwidth infor-
mation from the mobile terminal 10 may be transferred to the
streaming server 62 via ECV messages. The ECV and geo-
predictive NADU RTCP messages may also be scheduled one
RTT before arriving at the scheduled location. Accordingly,
the streaming server 62 may be enabled to correctly change
the transmission rate. Furthermore, if BCT is insufficient to
transmit all the information needed during the period of out-
age, the streaming server 62 may switch down to a lower
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media rate. In some cases, the remaining length of a video or
audio content that is being streamed may be taken into
account while making decisions with respect to increasing the
transmission rate. Additionally, if the mobile terminal 10 has
scheduled multiple RTCP messages for conveying geo-pre-
dictive NADU and ECV information, and the speed of the
user determines the rescheduling of the next RTCP message
of the above type, also the subsequent already scheduled
RTCP messages of the same type may be rescheduled.

[0081] Accordingly, some embodiments of the present
invention provide for a mechanism by which to track on a
geographic basis, network performance parameters. The net-
work performance parameters may then be provided in
response to look ahead requests issued by specific mobile
terminals that are traveling in a particular area. A mobile
terminal may therefore be provided with congestion map
information descriptive of network performance parameters
along a projected route of the mobile terminal. The mobile
terminal can determine the time and/or location at which a
possible deficit situation may exist in which streaming data
rates are likely to be encountered that are insufficient to keep
up with a current playback rate. The mobile terminal may then
schedule a period of increased resource consumption to build
up data or pre-buffer data of an amount sufficient to cover the
deficit.

[0082] FIGS. 9 and 11 are flowcharts of a method and
program product according to example embodiments of the
invention. It will be understood that each block of the flow-
charts, and combinations of blocks in the flowcharts, may be
implemented by various means, such as hardware, firmware,
processor, circuitry and/or other device associated with
execution of software including one or more computer pro-
gram instructions. For example, one or more of the proce-
dures described above may be embodied by computer pro-
gram instructions. In this regard, the computer program
instructions which embody the procedures described above
may be stored by a memory device of the mobile terminal or
network device and executed by a processor in the mobile
terminal or network device. As will be appreciated, any such
computer program instructions may be loaded onto a com-
puter or other programmable apparatus, e.g., hardware, to
produce a machine, such that the instructions which execute
on the computer or other programmable apparatus create
means for implementing the functions specified in the flow-
charts block(s). These computer program instructions may
also be stored in a computer-readable memory that may direct
a computer or other programmable apparatus to function in a
particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufac-
ture including instruction means which implement the func-
tion specified in the flowcharts block(s). The computer pro-
gram instructions may also be loaded onto a computer or
other programmable apparatus to cause a series of operations
to be performed on the computer or other programmable
apparatus to produce a computer-implemented process such
that the instructions which execute on the computer or other
programmable apparatus implement the functions specified
in the flowcharts block(s).

[0083] Accordingly, blocks of the flowcharts support com-
binations of means for performing the specified functions,
combinations of operations for performing the specified func-
tions and program instruction means for performing the
specified functions. It will also be understood that one or
more blocks of the flowcharts, and combinations of blocks in
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the flowcharts, can be implemented by special purpose hard-
ware-based computer systems which perform the specified
functions, or combinations of special purpose hardware and
computer instructions.

[0084] In this regard, a method according to one embodi-
ment of the invention, as shown in F1G. 9, may include receiv-
ing, e.g., at a mobile terminal, an indication of network per-
formance parameters associated with a corresponding time
and location of a projected route of the mobile terminal at
operation 310 and determining, e.g., via a processor, at the
mobile terminal, whether a portion of the projected route
corresponds to an outage event with respect to data being
streamed to the mobile terminal at operation 320. The method
may further include, in response to a determination that the
outage event corresponds to the portion of the projected route,
causing communication of information, e.g., at least one of a
geo-predictive next application data unit and an estimated
capacity vector, to a streaming server providing the data being
streamed to cause a modification to a data transmission rate at
which data is to be streamed to the mobile terminal at opera-
tion 330. As such, in this example, not only does the mobile
terminal, e.g., the streaming client, request a modification to
the rate, but the modification itself is actually defined by the
mobile terminal. Thus, the streaming server, e.g., the stream-
ing server 62, does not merely alter the rate of streaming
without knowledge of specific goals or limitations that may
correspond to the request, but the streaming server may actu-
ally be made aware of the timing and quantity requirements
associated with adjusting the rate. The geo-predictive next
application data unit may include a total buffer space, an
amount of data deficit associated with the outage event, and a
buffering compensation time. The estimated capacity vector
may include at least one expected channel capacity and at
least one time offset corresponding to said at least one
expected channel capacity.

[0085] In some embodiments, certain ones of the opera-
tions above may be modified or further amplified as described
below. Moreover, in some embodiments additional optional
operations may also be included, some examples of which are
shown in dashed lines in FIG. 9. It should be appreciated that
each of the modifications, optional additions or amplifica-
tions below may be included with the operations above either
alone or in combination with any others among the features
described herein. As such, each of the optional operations is
combinable with operations 310, 320 and 330 either alone or
with one, more than one, or all of the other optional operations
in any combination. In an example embodiment, the method
may further include providing a report on local network per-
formance parameters to a congestion map server that uses the
report along with reports from a plurality of other mobile
terminals to define a congestion map associating network
performance parameters with corresponding geographic
locations at operation 300. In some embodiments, the method
may further include determining a time of onset of the outage
event and a duration of the outage event at operation 322
and/or determining an amount of data deficit associated with
the outage event at operation 324. In some cases, causing
communication of the information may include requesting an
increase in the rate such that data at least equivalent to the
amount of data deficit is to be received prior to the time of
onset of the outage event. Moreover, in some cases, request-
ing the increase in the data rate may include determining a
time for initiation of the increase in the rate such that a period
during which the increase in the rate is applicable occurs



US 2012/0009890 Al

proximate to the onset of the outage event. In an example
embodiment, requesting the increase in the data rate may
include defining the request based on expected channel
capacity values corresponding to areas along the projected
route that are encountered prior to a time of onset of the
outage event. In some embodiments, the method may further
include determining the projected route based on a current
location of the mobile terminal and a current speed and direc-
tion of motion of the mobile terminal and/or determining the
projected route based on route guidance being provided to the
mobile terminal to guide a user of the mobile terminal to a
selected destination at operation 302.

[0086] In an example embodiment, an apparatus for per-
forming the method of FIG. 9 above may comprise a proces-
sor (e.g., the processor 70) configured to perform some or
each of the operations (300-330) described above. The pro-
cessor may, for example, be configured to perform the opera-
tions (300-330) by performing hardware implemented logical
functions, executing stored instructions, or executing algo-
rithms for performing each of the operations. Alternatively,
the apparatus may comprise means for performing each of the
operations described above. In this regard, according to an
example embodiment, examples of means for performing
operations 300-330 may comprise, for example, the proces-
sor 70, the geo-predictive adapter 80, and/or a device or
circuit for executing instructions or executing an algorithm
for processing information as described above.

[0087] Inan example embodiment according to FIG. 11, a
method of facilitating provision of a geo-predictive streaming
service is provided. The method may include providing
streaming data to a mobile terminal at operation 400 and
receiving, in response to a determination by the mobile ter-
minal that an outage event corresponds to a portion of a
projected route of the mobile terminal, communication of at
least one of a geo-predictive next application data unit and an
estimated capacity vector at operation 410. The method may
further include causing modification of a data transmission
rate at which data is to be streamed to the mobile terminal
based on the at least one of the geo-predictive next application
data unit and the estimated capacity vector at operation 420.
The geo-predictive next application data unit comprises a
total buffer space, an amount of data deficit associated with
the outage event, and a buffering compensation time. The
estimated capacity vector comprises at least one expected
channel capacity and at least one time offset corresponding to
the at least one expected channel capacity.

[0088] Many modifications and other embodiments of the
inventions set forth herein will come to mind to one skilled in
the art to which these inventions pertain having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions and
the associated drawings describe example embodiments in
the context of certain example combinations of elements and/
or functions, it should be appreciated that different combina-
tions of elements and/or functions may be provided by alter-
native embodiments without departing from the scope of the
appended claims. In this regard, for example, different com-
binations of elements and/or functions than those explicitly
described above are also contemplated as may be set forth in
some of the appended claims. Although specific terms are
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employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.

What is claimed is:

1. A method comprising:

receiving, at a mobile terminal, an indication of network

performance parameters associated with a correspond-
ing time and location of a projected route of the mobile
terminal;

determining, at the mobile terminal, whether a portion of

the projected route corresponds to an outage event with
respect to data being streamed to the mobile terminal;
and

in response to a determination that the outage event corre-

sponds to the portion of the projected route, causing
communication of at least one of a geo-predictive next
application data unit and an estimated capacity vector to
a streaming server, providing the data being streamed, to
cause a modification to a data transmission rate at which
data is to be streamed to the mobile terminal,

wherein the geo-predictive next application data unit com-

prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.

2. The method of claim 1, further comprising at least one
of:

providing a report on local network performance param-

eters to a congestion map server that uses the report
along with reports from a plurality of other mobile ter-
minals to define a congestion map associating network
performance parameters with corresponding geographic
locations,

providing a location-specific update from the mobile ter-

minal to the congestion map server, the location-specific
update comprising information indicative of operator
name, current position, radio signal strength, through-
put, trajectory, direction, speed of the user or age of the
information, and

causing provision of a look-ahead request to the congestion

map server and receiving a look-ahead response from
the congestion map server, the look-ahead request defin-
ing operator name, current position, trajectory, direc-
tion, speed of the user or look-ahead distance, the look-
ahead response defining a future location and
corresponding expected channel capacity.

3. The method of claim 1, further comprising transmitting
updated speed information of the mobile terminal to the
streaming server, said updated speed information being used
by the streaming server to adjust one or more of said buffering
compensation time period and said at least one time offset
corresponding to said at least one expected channel capacity.

4. The method of claim 1, further comprising at least one
of:

determining a starting time of the outage event,

determining a duration of the outage event, and

determining an amount of data deficit associated with the
outage event.

5. The method of claim 4, wherein causing communication
of'the information includes requesting an increase in the data
transmission rate such that data at least equivalent to the
amount of data deficit is to be received prior to the starting
time of the outage event.
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6. The method of claim 5, wherein requesting the increase
in the data transmission rate further comprises determining a
time for initiation of the increase in the rate such that a period
during which the increase in the rate is applicable occurs
proximate to the start of the outage event.

7. The method of claim 1, wherein requesting the increase
in the data transmission rate further comprises defining the
request based on expected channel capacity values corre-
sponding to areas along the projected route that are encoun-
tered prior to a time of onset of the outage event.

8. The method of claim 1, further comprising at least one
of:

determining the projected route based on a current location

of'the mobile terminal and a current speed and direction
of motion of the mobile terminal, and

determining the projected route based on route guidance

being provided to the mobile terminal to guide a user of
the mobile terminal to a selected destination.

9. The method of claim 1, wherein the geo-predictive next
application data unit further comprises at least one of an
expected time duration of the outage event and estimated
capacity vector.

10. An apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus to at
least:

receive, at a mobile terminal, an indication of network

performance parameters associated with a correspond-
ing time and location of a projected route of the mobile
terminal;

determine, at the mobile terminal, whether a portion of the

projected route corresponds to an outage event with
respect to data being streamed to the mobile terminal;
and

in response to a determination that the outage event corre-

sponds to the portion of the projected route, cause com-
munication of at least one of a geo-predictive next appli-
cation data unit and an estimated capacity vector to a
streaming server providing the data being streamed to
cause a modification to a data transmission rate at which
data is to be streamed to the mobile terminal,

wherein the geo-predictive next application data unit com-

prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.

11. The apparatus of claim 10, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to
perform at least one of providing a report on local network
performance parameters to a congestion map server that uses
the report along with reports from a plurality of other mobile
terminals to define a congestion map associating network
performance parameters with corresponding geographic
locations

providing a location-specific update from the mobile ter-

minal to the congestion map server, the location-specific
update comprising information indicative of operator
name, current position, radio signal strength, through-
put, trajectory, direction, speed of the user or age of the
information, and
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causing provision of a look-ahead request to the congestion
map server and receiving a look-ahead response from
the congestion map server, the look-ahead request defin-
ing operator name, current position, trajectory, direc-
tion, speed of the user or look-ahead distance, the look-
ahead response defining a future location and
corresponding expected channel capacity.

12. The apparatus of claim 10, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to
transmit updated speed information of the mobile terminal to
the streaming server, said updated speed information being
used by the streaming server to adjust one or more of said
buffering compensation time period and said at least one time
offset corresponding to said at least one expected channel
capacity.

13. The apparatus of claim 10, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to:

determine a start time of the outage event;

determine a duration of the outage event; and determine an
amount of data deficit associated with the outage event.

14. The apparatus of claim 13, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to cause
communication of the information by requesting an increase
in the data transmission rate such that data at least equivalent
to the amount of data deficit is to be received prior to the
starting time of the outage event.

15. The apparatus of claim 14, wherein the at least one
memory and computer program code are configured to, with
the at least one processor, cause the apparatus to request the
increase in the data transmission rate based on determining a
time for initiation of the increase in the rate such that a period
during which the increase in the rate is applicable occurs
proximate to the start of the outage event.

16. The apparatus of claim 10, wherein the at least one
memory and computer program code are configured to, with
the at least one processor, cause the apparatus to request the
increase in the data transmission rate based on defining the
request based on expected channel capacity values corre-
sponding to areas along the projected route that are encoun-
tered prior to a time of onset of the outage event.

17. The apparatus of claim 10, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to
perform at least one of determining the projected route based
on a current location of the mobile terminal and a current
speed and direction of motion of the mobile terminal; and
determining the projected route based on route guidance
being provided to the mobile terminal to guide a user of the
mobile terminal to a selected destination.

18. The apparatus of claim 10, wherein the apparatus is a
mobile terminal and further comprises user interface circuitry
configured to facilitate user control of at least some functions
of the mobile terminal.

19. The apparatus of claim 10, wherein the geo-predictive
next application data unit further comprises at least one of an
expected time duration of the outage event and estimated
capacity vector.
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20. A computer program product comprising at least one
computer-readable storage medium having computer-execut-
able program code instructions stored therein, the computer-
executable program code instructions comprising program
code instructions for:

receiving, at a mobile terminal, an indication of network

performance parameters associated with a correspond-
ing time and location of a projected route of the mobile
terminal;

determining, at the mobile terminal, whether a portion of

the projected route corresponds to an outage event with
respect to data being streamed to the mobile terminal;
and

in response to a determination that the outage event corre-
sponds to the portion of the projected route, causing
communication of at least one of a geo-predictive next
application data unit and an estimated capacity vector to
a streaming server, providing the data being streamed, to
cause a modification to a data transmission rate at which
data is to be streamed to the mobile terminal,

wherein the geo-predictive next application data unit com-
prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.

21. A system comprising:

a mobile terminal receiving streamed data;

a streaming server providing the streamed data to the
mobile terminal; and

a congestion map server,

wherein the mobile terminal is configured to receive an
indication of network performance parameters associ-
ated with a corresponding time and location of a pro-
jected route of the mobile terminal from the congestion
map server, determine whether a portion of the projected
route corresponds to an outage event with respectto data
being streamed to the mobile terminal, and, in response
to a determination that the outage event corresponds to
the portion of the projected route, causing communica-
tion of at least one of a geo-predictive next application
data unit and an estimated capacity vector to the stream-
ing server to cause the streaming server to modify a data
transmission rate of the data being streamed to the
mobile terminal,

wherein the geo-predictive next application data unit com-
prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.
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22. A method comprising:

providing streaming data to a mobile terminal;

receiving, in response to a determination by the mobile

terminal that an outage event corresponds to a portion of
a projected route of the mobile terminal, communication
of at least one of a geo-predictive next application data
unit and an estimated capacity vector; and

causing modification of a data transmission rate at which

data is to be streamed to the mobile terminal based on the
at least one of the geo-predictive next application data
unit and the estimated capacity vector,

wherein the geo-predictive next application data unit com-

prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.

23. The method of claim 22, further comprising receiving
updated speed information of the mobile terminal, said
updated speed information being usable to adjust one or more
of said buffering compensation time period and said at least
one time offset corresponding to said at least one expected
channel capacity.

24. An apparatus comprising at least one processor and at
least one memory including computer program code, the at
least one memory and the computer program code configured
to, with the at least one processor, cause the apparatus to at
least:

provide streaming data to a mobile terminal;

receive, in response to a determination by the mobile ter-

minal that an outage event corresponds to a portion of a
projected route of the mobile terminal, communication
of at least one of a geo-predictive next application data
unit and an estimated capacity vector; and

causing modification of a data transmission rate at which

data is to be streamed to the mobile terminal based on the
at least one of the geo-predictive next application data
unit and the estimated capacity vector,

wherein the geo-predictive next application data unit com-

prises a total buffer space, an amount of data deficit
associated with the outage event, and a buffering com-
pensation time, and wherein the estimated capacity vec-
tor comprises at least one expected channel capacity and
at least one time offset corresponding to said at least one
expected channel capacity.

25. The apparatus of claim 24, wherein the at least one
memory and computer program code are further configured
to, with the at least one processor, cause the apparatus to
receive updated speed information of the mobile terminal,
said updated speed information being usable to adjust one or
more of said buffering compensation time period and said at
least one time offset corresponding to said at least one
expected channel capacity.
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